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ABSTRACT fies rn em. , ; 
a In this research on motor short-term memory it wa 
» hypothesized that subjects saaking free-selected movements would 
evidence superior Sel apraa a accuracy over subjects making 
preselected sovements, whose reproduction performance would be 
superior to subjects,making constrained ,movements. Subjects_ oe 
free-selected movenents were allowed to determine distance moved, 
terminal location, and speed of response. Subjects made préselected 
movements under similar conditons, except that the experimenter 
reminded them of the importance of preselections, as well as to move 
at a slow but continuous speed, and not to choose’ the same movement | 
more than once during the sequence. When “paking constrained | 
movernents, subjects moved at a sléw but continuous speed to'a 
terminal location that was chosen at: random by the experimenter. The 
methodology and design of this research is described’ in this report. 
Results indicated that the reproduction accuracy of free-selected 
"movements were superior to that of preselected moverents, which in 
turn exhibited less repfoduction error than constrained movements. 
However, those performers making preselected sovements:were no less 
--wariable than those making. constrained movements. A discussion of the 
possible bias provided by skpertaenter instruction is. included. 
(JD). 
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The superior reproduction accuracy of active, sa eine movements 
‘Yd, ? a 
over constrained or passive movements, termed the sehidlaction effect, : 


* % 
is considered to be a general phenomenon in motor short-term memory 


research (Kelso & Wallace, Note 1), This effect has been gubstantiated. 
in studies of location and distance teproduction (SetInach, Kelso, é -- 
Meltaee 1378) processing demands of failures (Stelmach, Kelso, & , 
MeCullagh, 1976), feedback augnientation (Kelso & sian in preés) and 
Aedtivantontiatten; in press), and corollary gists versus cognitive, | 
planning (Kelso, 1977a). “However, one patticular methodological flaw = 
has not been considered as a poseible artifact in ee ae 


including a study in which it was concluded that the  Pregekection” effect 

was not *due to eee in setodolosy (ste, Kelso, & sasahias in " 

press). . 1 ; : ‘at 

pernere the osjot procediral « drawback of every preselection study 

has been the operational definition applied to subjects. making pre- 
selected movements. A preselected movement is supposed to be a voluntary, 
subfact=tetined; Active ce The adjective "voluntary" connotes 

" -that every parameter of the movement is designated by the subject. 
However, in all the topenntection effect" studies to date, subjects in 
the preselected condition moved under ee reel ere by the ex- 
sghinnter: These eunsects were instructed to Msn nase their movements 
equally among the shore, medium, and long SRerOnee sectors and to move 

\ _to these response sectors in a ers but continuous manner. Further- 
more, these same subjects were eaten of the importance of prese- 
lecting 1 a movement. Therefore, truly voluntary, boeedly subject-de- 
‘fined, active criterion movements were never wide in any of these studies. 
This procedural weakness leads to the question of whether or not per- 
formance differences would exist between subjects making preselected 
movements as previously defined, and subjects making movgments in which 


i . > [ ) \ 
all the parameters are self-determined (free-selected movements). 


. 


It was the purpose of this study to determine if the preselection 


8 b ". i . 
an effect was truly a general phenomenon of,motor short-term memory’ or } , Fi ss 
’ - gimply due to flaws in the methodologies of previous experiments. | these - f 


: ats : ‘ : ‘ : : ay 
flaws were identified a8 the operational definition of a preselected ' # 


»« Movement, aod the possible positive biasing effects ie aii to the 


ae ee group may have tad, when compared to the~c trained group. 


‘ 3 ry a 
It was hypothesized that subjects making free-selected movements would 


4 
evidence superior reproduction accuracy over subjects making preselected 


movements, whose reproduction performance would be superior ta, subjects ° 
making constrained movements, * 4 ioe / : 

| METHODS . ~~ ra ied 
_* , Subjects / 
Male (Ne12) and female members (N=12) (x age = 25.39 yrs.) enrolled | 


* F 
in a graduate class in research methods conducted in the ad wee Science 


° 


Program at Florida State University volunteered to be participants in 


this study. The criteria for allowing the volunteers to participate 
a 


y, were not based on the gender of: each subject or their hand preference, 
but rather on their naivete about the experiment and the hypotheses . 


under investigation. The equal number of male and ferale participants 
4 oF Rp ‘ , 


’ he 


occurred strictly by chance. phy : a 


Apparatus 
The test ispatacyilevas a evil inear repositioning task. A metal ~ 


pointer 25 “tatongy wad apdachba = ‘a;flat metal base (36 em X 64 cm). 
The pointer. rotated ona beinipe mechanism, such that the patavey 


“could be moved through a ran of '200° in the horizantal. plane. 
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. a / 
, NY a as og | 
\ To facilitate 8 subject" 8 movement . of the pointer, *: ‘a piilariike 
handle, 8.25 cm high, was attached vertically to he pointer 14 ca fron 


the’ axis of rotation. tes of the base, lines ‘and numerals were 


‘ - 


engraved F-Te) that ‘degrees of. i were represented | An one sand five 


unit increments. Finally, a’ auxtants screen with a black cloth’ draped 
‘ 4 r 


over the frame was mounted to the base and was positioned on the sub- 


ject's side of the display to prevent viewing of the pointer and the 


degree markings during, movement. ; ; fg: 
z K Ne 


Procedure af ai 3 ; ‘ 


Me 8 


. Each individual was blindfolded before iia apa the testing area. 


*. 


: Upon entering ay a*treatment presentation onfier was randonly tina 


. . = 
to that subject, The ‘treatment conditions were three types of novenertts 


o 


"that the subject made with the right hand from right, 6 aetes’ The 
movement east were fisn-aelected, preselected} and constrained. 
When making PiSuciectea escenantty: subjects were allowed to determine | 
all parameters of theit response, e. Bes distance moyed, terminal lo+ 
cation, and speed of response. When subjects made pedal cted move- 
ments, they did 80 under conditions similar to éhe: fraenddieoied mover 


ments;" except ‘that the experimenter reminded the subjects of the im- 
portance of preselection, as well as tod ‘ase at a slow. but continuous 
speed, and not to choose the same wiveneit more than once during the 
sequence. When making constrained aovdnents,_sujects moved at a slow 
but continuous peed to a terminal ee which: was ‘Shaper at ‘andi: 
ay the experimenter. The dine ion of movements into response sectors 
was not congidered wider any movement condition because it was not found 


to be a major ee a studies. (Stelmach, et al., 1975, 
, : co 


a ‘ With the apparatus plated on"e table, the subject was, seated facing 
the task -so that the right shoulder was aligned with the starting position . 


| ee of the pointer. All subjects PRE POEaeS 10 trials’ onde each movement 


4 ( 


condition for a total of 30 trials. “Bach movement was preceded by a set 
of canenutis which were ncuseieed verbally by the experimentet to the 
subjects at 2 sec intervals. These commands were directly related to 
the movement condition. For the free~selected movement, subjects were — 


: ; ‘  4nstructed to covertly select a movement upon hearing the command "Se- 
: so 


, lect." Following this, the subject was issued the command "Grasp," at 
. : which time the subject took hold of the handle. This was followed by 
the command "Move," and the subject rotated the pointer to the chosen 


f. : 
location (criterion movement). After a 2°sec delay at the terminal 


\ ‘location, the command "Reléage™” was given to the subject, who then let 


. 80 of the handle. The experimenter then returned the handle to the 


. . 


\ _ starting’ position (0°), after which the. subject , was told ‘te ™ egrasp" 


a the handle. The command partaewtel was then issued and the subject had 
: a: ad 


to reproduce the criterion movement. Upon completion of the reproduction 


movement , the subject was told to release the handle and to return the 


right hand to a resting position on the table. This constituted a 


ANS extn, and the same sequence of commands was issued to the subject prior 
4 


to each trial. No KR was administered at any. time, during or between 


f 


trials. Distarice and location cues were reliable on ‘both the criterion 
and reproduction movements. The intertrial interval was 5 gec as ' 
% | determinad ‘with a hand-held Meylan 30 sec stopwatch. . 
, After 10 trials, oubjects were given a 1 min reat period, then 


received conmands pertaining to the next, movement eondition. Ee the 


’ 


preweiapted condition, the connands, and the sequence in which Spee were 


given, were identical to those commands in the free-selected condition. 


=“ 


In addition, subjects \were reminded of the importance of preselection, 


} | 


so 
> bg 
’ 
~ a . } 


* the necessity of a slow:but continuous movement, and they were also 
. : 4 . ‘ 
7 ¥ anne ‘ F a ORG , ‘ 2 
requested pot to select the same movement more than once during the | 
movement sequence. - € : ) 


The final, movement condition was one in which subjects moved in a 
: / : 


constrained mode following a 1 min rest upon completion of, the previous - 


set of 10 trials. They received no "Select" command, but they were in- 


7 


structed to move to a mechanical stop randomly chosen by the experi- 
menter within a restricted range of 5° to 100°. The command sequence 


‘relative to this movement was fal Move, Release, Replicate, eand 


_ Release," and. these commands were dal acetal by the a ar prior 
to each trial. PRE rer a . ee 
f ic , ‘ | 
DéBign : : . 


?. 


+A siteinenibsecey design was uged because of the small gample nize | 
so that individual ddetercnnes, l.e., anatohicel, physiological, or | 
psychological, which may have existed had a hetudan-subjects design been 
' used with chile pamte; would be accounted for actoss movement conditions 
“tek Wallace, et al., in press). Each subject received the three 
different ‘treatment conditions with the order of administration of these 


treatments randomly assigned.to each subject so that order effects were 


neutralized (Tuckman,’ 1972). 


RESULTS ' 


A preliminary analysis of variance was conducted on the dependent 
t 


variables of absolute error (AE), variable error (ve), and constant 
error (CE), to determine if there was a main effect For gender. Since 


all the results were non-significant, the scores of male and female sub- 


; 
s : A . h 


we, : ‘ sa 
; ; 


’ ae ‘ jects were conbined for further analysis. . 


, A6X 3 (order x movement condition) factorial analysis of variance’ Poy 


was performed on each dependent variable.” None of the analyses yielded } . 
ei order main effect, which was interpreted agssupport for the Wallace 

‘ | 

‘et al. (in press) conclusion ‘that, end preselection effect was ae ta 


a | flaw in: the nethodology of ‘the ddministration oe tYeatments. us, 


' the Lack of a ejgnificant order effact-aey*he eatactad as further 


support for the wanerniaks of the preselectton phenomenon in motor’ 


> 


- short-term menory. 


. 


There was a significant jaain effect PoE novenent condition (F2,36=11.70,p.2 


t 
201) for AE, but not for CE. Descriptive date for ‘this factor are shown . 
in Table 1. A Newman-Keul multiple comparisons test was performed on : 
these means, and it was found that the free-selected group exhibited 


less reproduction’ error than ‘the preselected group,’ which was signifi- 


cantly more accurate than the constrained group. Similarily, a movement 


ameideton main ertece was found when VE was analyzed | (F2, 44=3.63,pé. 05). 
Follow-up tests on these means (see Tauhe 1) were intetpreted as evi- 
dence that the ecsergaie group was significantly Tess variable in 

~ reproduction performance ‘than the constrained group, while the free- 
selected and preselected groups, and the preselected and: constrained 
groups, were not significantly different- from each other, r 


’ $ e 


av 


Insert Table 1 about here | ‘ 
‘. ; 
--------------—----------- +--- . 
/ 
Discussion “A : 
The hypéthesis that the reproduction -accuracy of free-selected - ’ . oe 


‘ment. - eg he 


. . . : ‘ | ; 4 . 
a \: , oe . e 25 | v 5 P - 4 


ee Lar 


\ ; t 


_ was supported. sdaictonaiy, tess variability was exh bated Dy. csubgegte 


performing in the free-selected responsé mode. Howev r, as rprisifg 


result was" that those performers making preselected i 


- 


less variable than those pérsons making constrained 


ovemen ts sieve, no 
vements. This 
result was not expected: especially since the repro uction accuracy “of 
the preselectéd. group was superior to: the vaprodid ion acquracy of the ‘ 
constrained group with AE as the dependent variab 
Results of this study are indi aeaow of the uperior reproduction 


accuracy of subjects making active, voluntary’ mo ements /compared to cde 


as 


*« 


. 


movement ‘group in this study. This group, un nf luen« wad any instructions 
ee é 


: j Sim» ose . ye ( |) . 
group, which may have favored: the preselected group over the constrained - 


| 


group. | Since subjects in the free-selecte | group performed better than a 


subjects in both the preselected and constrained proups, it can be | = 


’ concluded that the reproduction accuracy a subject gaia metive and 


| 


“completely voluntary movements is superior to any, | other type of move- 


| 


the qutcomes. Lf the instructions were a source of positive bias, then 


there should have been no difference inthe reproddction accuracy of the, 
Preacabtented group compared’ ts -the’ constrained group in the presdat 
study, because neither group received any divactious prior to their 
movement. However, the free-selected’ movement was reproduced signi- 
ficantly better than the const tained aoNeMeAe, aiscmmetes any interpre- 
‘tation that {nstruct ions to the preselected group biased ph Sa 


Furthernote, ‘the reproduction accuracy of free-selected movements was 


superior to that of preselected movements. ‘Thus, although instructions 


s 


4 


to the preselected group ate not a source of positive bias which can’ , 


E e 
a ‘ , a 


affect performance, the instructions may have’ another effect on the 
reproduction accuracy of preselected movements. 
The data may .be _interpreted as Suppark: for the position that there 


is a difference’ in the Processing of Jat avhabion when two paatincr types 


f 
oF Srey movements are made. Although it ds true that a person °° 4 


ee prenelectad movements is aware of the movement goal, the in- 
‘structions provided by the experimenter may serve as a source of in- . A 
nya: . f 
terference. While the subject covertly ‘chose a movement in the pre- 
. . r, ¢ . 


‘4 


selected condition, that subject had to be consciously aware, not only 
#\" 


of the sai of preselection, ‘but of a random selection of move- 


ments. guihaces. were required to preselect a different cloak on each: |~ 


ita so that no movement was caumuied during the testing sequence.- ‘If 
the Anstructsone did not interfere with the aubject's selection of a 
movement andthe Sontialatte of, cues. associated with that apvenedt; then 
no performance differences bktween preselected and free-selected move- 
ment groups should have occurred. however, the interference notion ; 
woul, Seem to be BUpponeets a8 the free-selected movement group performed 


significantly better ei the preselected movement SEOURS 


\ 


: 3 | 
~~ j { s 
‘ . 
. 


. . 4 . 3 
. | pat” 3 ae : 9 


1 


. ° 


"The explanation that attention to the instructions may be a source . 


/, hy of interference. duritig the encoding of the movement cues’ associated with 
rae ) 
a PR < preselected | moverients could ‘account for the lack of a significant, | . 
F “s _ J, oy ’ 
, ee difference in. ‘performance variability between the preselected and con- 


strained ,groups, even though the former group was significantly more~- . 
“accurate ae, reproduction than the latter group. “Subjects making ? 
o preselected ‘movements were ‘eons¢iously aware -of\ the inepructional went! 


.s 


4 the age deing. that attentiveness to, the instructions poseiy ! served 


- ~ 


in? spas ‘. [as a source of interference. “Therefore, some forgetting of ‘the indi ‘Gaus Mae 
2 movement should occur aucause: phe movement goal’ -was ‘degraded in’ some — . 


¢ ‘manner and was no tonger sine to the performer. It is, ap if the “aub- 
Lt i] 
ject was abkenpéing ‘to ee ee original ‘ovement sues ‘tn 
‘ 4 Ww @ 
3 memory, even though some information: was “missing.” If the reconstructed 


4 


image was imperfect, a more variable reproduétion ‘Fesponse than that 
j associated with froe-ealected ws iia should reault, as was the. case. = 


‘ The extent of the response variability of preselected movements é 


- rl 


w 
would then depend on the amount of antebrerente caused by: aétentiso to- 


the instructions. The findings of this Pers have been intexpréted as 4° 


eo. 


> preliminary evidence that the information load of the. instructions was. 


- 


a “— ‘ 4 F . : ) 
sufficient to cause a deteriora\jon of the goal-image associated with ae 

° nN ‘ 
preselected movemertts. This deteriorated motor image led to a less , 


accurate and more variable response than the motor image’ of €ree-se- 


‘ 


“lected movments. However, as an explanation of the non-significant . 
~~ ‘ 


differences in response variability between preselected and constrained 


t 
‘ 


movements, the interference notion must awatt future research. 
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